INTRODUCTION

C
hildren are born with an immature visual system; therefore they need clear-focused images for normal visual development to occur. Refractive error is one of the most common causes of visual impairment in children [1] [2] . The untreated and uncorrected refractive error (URE) may result in amblyopia, causing blindness [3] . In adults and children, there were an estimated 700 million cases of vision impairment caused by URE worldwide in 2007 [4] . In general, in children, the common causes of blindness are vitamin A deficiency [5] , measles, meningitis, and congenital rubella syndrome [6] [7] [8] .
Hence, the burden of URE in children still becomes an important topic to be investigated. It is due to the impact of uncorrected vision impairment in the future, includes reduced employment, educational opportunities, increased morbidity, and poverty [4, 9] . Gilbert and Foster [6] estimated the economic cost of vision impairment due to URE reached about 202.000 million USD each year. The increase of URE burden of disease might be underlined by, for instances: the lack of availability of eye care personnel, affordable equipment and spectacles. Although accurate prevalence data are difficult to be obtained due to large samples required, population-based prevalence surveys are important to profile the pattern of refractive error in a particular area [10] [11] . In South East Asia region, the prevalence of uncorrected myopia was 4.5% in Singapore Malay population [12] and in Cambodia, the prevalence of URE was 2.48% [13] . In addition, data from Timor-Leste showed that URE caused 81.3% low vision cases [14] . In Indonesia, the population-based refractive error data, especially in children, are less available. A study was conducted in 2003 found that URE was 12.9% in Sumatra, Indonesia population [15] .
Furthermore, the present study aimed to overcome this lack of data in Indonesia, by directly comparing children's residential area. From previous studies, there were differences between refractive error of school children from rural and urban areas in which the URE were 2.7% and 6.4%, respectively [16] [17] . In this study, we compared more residential gradients such as: urban, suburban, exurban and rural, in order to profile the URE based on the characteristic of a socioeconomically heterogeneous population as comprised in Indonesia. METHODS Design and Sample Selection This study was a crosssectional study of school children from 3 districts (Yogyakarta City, Bantul and Gunungkidul) in the province of Yogyakarta and 1 district (Magelang) in the province of Central Java, Indonesia. The sample size was calculated using single population proportion formula by taking into consideration the prevalence rate of refractive error among school children. We calculated the sample size according to Lwanga and Lemeshow [18] [15] , n=176). The samples in were taken using consecutive sampling method from 7 elementary schools in Yogyakarta city, 14 elementary schools in Bantul (the area of Goa Cemara and Ganjuran), 5 elementary schools in Gunungkidul (the area of Tepus) and 10 elementary schools in Magelang (the area of Ngablak). Then, according to the population (see operational definition), we grouped Yogyakarta city into urban, Bantul into suburban, Magelang into exurban, and Gunungkidul into rural. Field Examination Prior to the ophthalmic examination, school teachers were told to screen their students who have visual complaints (either by the children themselves, their parents or the teachers), and ask their students who did not pass the screening to come to the camp held by medical team from the Department of Ophthalmology, Dr. Sardjito General Hospital, Yogyakarta. The informed consent was made clear that children/parents were under no obligation to participate. The basic information of the school children, for instances: age, sex, school and grade, were recorded and were kept confidential. Complete ophthalmic examinations were done, including: initial unaided visual acuity (VA) using Snellen's chart, inspection of anterior segment using slit lamp bio-microscope, evaluation of posterior segment using direct ophthalmoscope, evaluation of objective (using autorefractometer) and subjective refraction best corrected visual acuity (BCVA). The auto-refractometer results as guide for subjective refraction and did not included into analyses since non-cycloplegic refractometry may overestimate the prevalence of myopia in children with active accommodation [19] . The
Snellen's chart was used to measure the initial VA and to perform the subjective refraction. Necessary eye care services were provided free of charge and children requiring further diagnostic assessment or treatment was provided with an explanation and referred to the hospital/clinic nearest their home. The residential areas of the school children were then divided based on socioeconomic heterogeneous population into urban, suburban, exurban and rural. The study protocol, according to WHO protocol and manual [20] , has been reviewed and approved by local Ethic Committee. Operational Definitions According to the WHO [20] recommendations on standards for characterization of vision loss and visual functioning, visual impairment and blindness is defined as best corrected vision in the better eye. Therefore, in the present study, only the eye with better VA (or the better eye) were included into the analyses [20] . The spherical equivalent (SE) was calculated as the spherical error plus half of the cylindrical error. Myopia is defined as SE ≤ -0.5 D, high myopia as ≤ -3.0 D, hyperopia as SE ≥ +0.5 D, high hyperopia as ≥ +3.0 D, and astigmatism as DC ≤ -0.5 D [21] . Anisometropia is defined as a difference in SE between the right and left eyes of ≥1.0 D. URE was defined as subjects who presented VA >0.15 logMAR but achieved ≤0.15 logMAR BCVA after refractive correction. VA ≥0.15 logMAR was considered to be normal; 0.15< VA ≤0.5 logMAR was considered as moderate vision impairment; 0.5< VA ≤1.3 logMAR was considered as severe visual impairment; and VA >1.3 logMAR was considered as blindness [22] [23] .
The Definition of Residential Areas
The urban area is a city with population over a million people. Suburban areas consist of dense to semi-dense population, which can vary from 10 000 to over a 1 000 000. Exurban is a commuter town with approximately 1000 to 20 000 people. Rural areas are settled places outside towns and cities with populations under 10 000 people [24] [25] . The inclusion criteria were school children with complete socio-demographic clinical examination data, whereas the exclusion criteria was the school children with incomplete data. Statistical Analysis Data verification was done in the beginning of data management included assessment on measurement frequency distributions, and consistency among related measurements. Cleaned data sets were translated into system files for statistical analysis, conducted on computer using SPSS version 18.0 (USA). VA, SE, and BCVA were analyzed according to residential areas (urban, exurban, suburban and rural) using one-way ANOVA then followed by Bonferroni adjusted post-hoc pairwise comparison to observe the difference between two variables. We analyzed the nominal variables included amblyopia (including amblyopia suspect, etc.), and severe vision impairment and blindness using Chi-square (χ 2 ) proportion test and followed by analyzing the relative risk (RR). P<0.05 was considered statistically significant.
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RESULTS AND DISCUSSION
In total, we examined 410 school children (who passed the inclusion criteria) from 36 elementary schools taken from 4 residential areas, with the demographic data and characteristic shown in Table 1 . We then analyzed VA, SE and BCVA according to residential areas (urban, suburban, exurban and rural) ( Table 2 ). Using one-way ANOVA, it showed that in VA, there were significant interactions between all residential areas, but not in SE. It was then followed by Bonferroni adjusted post-hoc pairwise comparison which showed that urban area had the lowest VA when compared with exurban (P<0.001) and rural areas (P<0.001), but not with suburban (P<0.309). In less strict posthoc analysis (using LSD-adjusted), urban vs suburban showed marginally significant (P=0.051). However, in BCVA the significant interactions were only between urban vs suburban (P=0.010) and urban vs exurban (P=0.003). It revealed that urban school children had the lowest VA and BCVA compared with other residential area. Using linear regression, it was found that school grader was associated with SE (P=0.019) regardless the area (adjusted P=0.034, area adjusted). The proportion test using Chi-square (χ 2 ) of severe vision impairment vs normal vision across 4 different residential areas revealed statistically significant result (P<0.001). It also showed that urban and suburban areas had higher risk for developing severe vision impairment and blindness as well as amblyopia (Table 3 ), but it was not shown in exurban and rural areas. The proportion of URE (in total) among urban, suburban, exurban and rural area were 10.1%, 12.3%, 3.8%, and 1%, respectively, and it was significant when compared to the proportion of ametropia and corrected refractive error across residential densities (P=0.003). Table 4 shows the prevalence of URE according to residential areas based on the type of refractive error. It showed that the proportion of simple and high myopia proportion were significantly different all across residential areas (P<0.001 and P=0.017, respectively). It also showed that urban areas had higher risk for developing simple myopia (RR=1.913; 95%CI: 1.460-2.506) and high myopia (RR=2.476; 95%CI: 1.305-4.696), whereas in suburban areas the higher risk was only for simple myopia (RR=2.108; 95%CI: 1.620-2.742). However, the exurban and rural areas had protective effects for developing simple and high myopia (Table 4) . Additionally, we also analyzed the proportion of amblyopia and URE, as well as the proportion of referral to hospital vs eyeglasses prescription using Chi-square (χ 2 ) test and it showed significant result (P=0.003 and P<0.001, respectively).
There were limited studies regarding the prevalence of URE between urban, suburban, exurban and rural school children population. The present study was the first in investigating this issue in Indonesia. This research examined the patterns of visual impairment in children across several gradients of residential density which has different socio-cultural factors and accessibility of affordable eye care services [1, 23] . Special attention has to be given to school age because it is the age at which refractive error begins. Failure of normal visual maturation cannot be corrected in adult life, therefore there is a level of urgency about treating childhood eye disease [26] . From this study, it showed that severe visual impairment was 21.0% and blindness was 1.2%, in which the majority of students were never examined for the VA. This neglect is in line with the study done by Murthy et al [17] in India population.
In our study, in urban areas, the prevalence increased into 31% and 8%, respectively, and increased the risk for developing blindness. It thus revealed the burden of visual problem in school age, and emphasizes the importance of obtaining current empirical data that could be reliably used to plan better eye-care services for children. This study also revealed the large proportion of myopia and high myopia in urban school children population (myopia: 32.68% and high myopia: 8.54%, Table 1 ) as well as increased risk for the development of URE. The similar socio- demographic characteristic in suburban and urban population made similar results of visual impairment and URE. More specifically, the exurban population showed increased risk for developing severe visual impairment, and simple myopia as similar with the urban population. The one difference was only that exurban population did not show increased risk in developing high myopia. This obtained result in urban and exurban population might be underlined by the increased close work activity in urban population [17, 27] , for instances: reading and using electronic gadget which might be associated with the socioeconomic status. It might reflect other reasons such as the underdeveloped areas (for example: in rural population) are not faced with the same emphasis on schooling. The disparity with exurban and rural population may come from different socio-economic disparities, including infrastructure development or might be due to cultural differences [28] . Limitations of this study include limited sampling that was not representative of some parts of Indonesia population where a significant proportion of school-aged children do not attend school, also although we did direct fundus ophthalmoscopy, we did not take the fundus photograph to see in detail the underlying cause of visual impairment other than refractive error. Furthermore, we also were not asking detailed information about the children's family. However, in the future, simple vision-screening examination should be integrated into the school health program [29] . High proportion of blindness in children is due to preventable conditions acquired during childhood. One of the causes is URE, which could be treated easily using spectacles without need of complex management approach (such as surgery). This simple intervention may decrease the burden of visual impairment underlined by URE. It was concluded that the refractive error is one of the most common causes of visual impairment in school children. In this study, we found that it has a strong relationship with urban and suburban populations. Here, urban school children showed the worst initial VA as well as BCVA. We could reveal that the school children in urban and suburban residential area had 2 times higher risk for developing URE (including: severe visual impairments, blindness and amblyopia). Further study is needed to overcome the limitations of this study. However, this study is expected to generate greater awareness, for development of effective interventions, and for requisite action in the form of better provision of services and methods of prevention.
